We studied the effects of a selective lesion in rats, with 192-IgG-saporin, of the cholinergic neurons located in the medial septum/diagonal band (MSDB) complex on the acquisition of classical and instrumental conditioning paradigms. The MSDB lesion induced a marked deficit in the acquisition, but not in the retrieval, of eyeblink classical conditioning using a trace paradigm. Such a deficit was task-selective, as lesioned rats were able to acquire a fixed-interval operant conditioning as controls, and was not due to nonspecific motor alterations, because spontaneous locomotion and blink reflexes were not disturbed by the MSDB lesion. The deficit in the acquisition of a trace eyeblink classical conditioning was reverted by the systemic administration of carbachol, a nonselective cholinergic muscarinic agonist, but not by lobeline, a nicotinic agonist. These results suggest a key role of muscarinic denervation on the acquisition of new motor abilities using trace classical conditioning procedures. It might also be suggested that muscarinic agents would be useful for the amelioration of some associative learning deficits observed at early stages in patients with Alzheimer's disease.
The cholinergic basal forebrain complex provides widespread and topologically organized cholinergic inputs to diverse brain regions, including the whole cortical mantle, the hippocampus, and the amygdala (Bigl et al. 1982) . Numerous studies in experimental animals have indicated a critical role of basal forebrain cholinergic neurons in learning and memory processes (Hepler et al. 1985; Etherington et al. 1987; Everitt et al. 1987; Dunnett and Fibiger 1993) . Early studies (using either aspiration or electrolytic procedures) showed that medial septal lesions induced cognitive deficits similar to those found after hippocampal lesions (for review, see Gray and McNaughton 1983) . More recently, consistent learning deficits have been found in a large variety of tasks after immunotoxic or excitotoxic lesions of the nucleus basalis magnocellularis (Torres et al. 1994; Wenk 1997) . These deficits have been ascribed to the resulting depletion of acetylcholine activity in cortical structures. At the same time, cholinergic dysfunction is thought to play a central role in the mnemonic disturbances observed in Alzheimer's disease (AD) patients. The rationale is that cholinergic transmission is greatly impaired in the early stages of AD, when these memory deficits are first apparent (Davies and Maloney 1976; Bartus et al. 1982) .
The role of the basal forebrain cholinergic system in learning has been widely debated. Early studies using nonspecific lesions of the nucleus basalis magnocellularis demonstrated striking deficits in a variety of learning paradigms, supporting a role for the basal forebrain cholinergic system in general learning and memory mechanisms (for review, see Olton and Wenk 1987) . More recently, and in contrast, highly selective lesions of cholinergic neurons located in the basal forebrain, using the immunotoxin 192-IgG-saporin, have been found to produce only modest learning deficits in many of these same behavioral paradigms (for review, see Baxter and Chiba 1999) .
The classical conditioning of blink responses can be used to evaluate the cognitive deficits induced by selective cholinergic lesions. This paradigm has significant parallels among humans, cats, rabbits, rats, and mice (Disterhoft et al. 1995; Gruart et al. 2000) , and can be used to test brainstem/cerebellar systems (Thompson 1990 ) as well as higher limbic and cortical structures (Disterhoft et al. 1995) . The finding that the acquisition of trace eyelid conditioned responses (CRs) is impaired by lesions in the hippocampus (Solomon et al. 1986; Weiss et al. 1999; Takatsuki et al. 2003) led to the prediction that in patients with AD-who have both hippocampal and cholinergic dysfunctions-eyeblink classical conditioning would be poorer than in normal adults. In fact, the acquisition of eyelid CRs, using a delay conditioning paradigm, is severely impaired in AD patients (Woodruff-Pak and Papka 1996) . This learning impairment has also been found in transgenic mice overexpressing amyloid precursor protein using either delayed (Weiss et al. 2002) or trace (Dominguez-del-Toro et al. 2004 ) conditioning paradigms. Taken together, in this work we tried to establish the role played by the basal forebrain cholinergic system in the acquisition of trace eyelid CRs in comparison with deficits produced in other types of associative learning.
Results
The 76 rats used in this study were randomly assigned to one of the following four experimental paradigms: (1) to establish the consequences of the selective lesion of cholinergic neurons of the medial septum/diagonal band (MSDB) complex on the acquisition of eyelid CRs, (2) to determine whether the selective lesion of the MSDB complex affects retention of previously acquired eyelid CRs, (3) to determine whether selective MSDB-complex lesions impair the acquisition of a fixed-interval operant conditioning, and (4) to investigate the effect of systemic administration of cholinergic drugs on the learning deficit induced by these selective MSDB lesions.
The histological evaluation indicated that 192-IgG-saporin lesions eliminated nearly all cholinergic neurons within the MSDB complex (Fig. 1A,B) . A quantitative analysis indicated that 192-IgG-saporin microinjections selectively depleted the population (up to 90%) of cholinergic neurons located in the MSDB complex. Parvalbumin immunostaining (a known marker of prosencephalic GABAergic neurons) indicated that 192-IgGsaporin specifically depleted cholinergic neurons but did not cause any noticeable damage to the GABAergic cells also located in the MSDB complex (Fig. 1C,D) .
As indicated above, an initial study was carried out to determine whether specific cholinergic lesions of the MSDB complex would impair the acquisition of eyelid CRs. Rats receiving a vehicle microinjection in the MSDB displayed a normal performance along the training period, reaching the conditioning criterion (>70% CRs in a given session) by the fourth conditioning session (F (7,72) = 7.5, P = 0.001; Fig. 2A , white circles). However, rats receiving bilateral MSDB microinjections of 100 ng of 192-IgG-saporin showed a significant deficit in the acquisition of eyelid CRs (F (7,72) = 0.11, P = 0.99; Fig. 2A, black circles) . The learning curve of the 192-IgG-saporin-injected group has a slope similar to that of the pseudoconditioned saline-injected group (F (7,24) = 0.11, P = 0.99; Fig. 2A , gray circles). However, the percentage of CRs in animals with a bilateral MSDB lesion was slightly higher, and significantly different from the percentage of CRs obtained from the pseudoconditioned saline-injected group ( Fig. 2A) .
To determine the effects of the selective lesion of cholinergic neurons located in the MSDB complex on the performance of previously acquired eyelid CRs, rats received a complete training (i.e., three habituation and seven conditioning sessions) before either saline or 192-IgG-saporin microinjection. Following a 21-d recovery period, the performance of each subject was tested using an additional session consisting of 60 paired conditioned stimulus-unconditioned stimulus (CS-US) trials. The retention index (RI = percentage of CRs during the test session/percentage of CRs during the last conditioning session) in saline-and 192-IgGsaporin-injected rats was close to unity (0.9 ‫ע‬ 0.12 and 0.96 ‫ע‬ 0.17 for saline-and 192-IgG-saporin-injected rats, respectively; F (1,14) = 0.08, P = 0.77). These results indicate that selective cholinergic MSDB lesions did not impair the performance of previously acquired eyelid CRs (Fig. 2B ).
The noticeable difference in CR performance between 192-IgG-saporin-and vehicle-injected animals was not due to a general motor impairment, as shown by the absence of significant differences in locomotor activity in the open field test. Thus, saline-injected animals presented a mean of 119.7 ‫ע‬ 7.0 broken beams/min, whereas 192-IgG-saporin-injected animals presented 114.3 ‫ע‬ 6.0 broken beams/min (t (10) = 0.171, P = 0.86; Fig. 3A ). The microinjection of 192-IgG-saporin did not affect reflex blinks, as determined by a quantitative analysis of the latency and amplitude of the electromyographic (EMG) activity of the orbicularis oculi muscle (see Domínguez-del-Toro at al. 2004 for details). The latencies of the R1 and R2 components (Kugelberg 1952) of reflexively evoked eyelid responses in intact rats during habituation were 7.7 ‫ע‬ 0.3 msec and 17 ‫ע‬ 0.4 msec, respectively (Fig. 3B) . The latencies did not change in these animals during the successive conditioning sessions (F (3,31) = 0.82, P = 0.49 for R1; F (3,31) = 0.51, P = 0.67 for R2; Fig. 3B ). In 192-IgG-saporininjected animals, R1 and R2 latencies did not change during the conditioning sessions compared to the values observed during habituation (F (3,28) = 0.90, P = 0.45 for R1; F (3,28) = 2.27, P = 0.11 for R2; Fig. 3B ). Furthermore, a direct comparison between salineand 192-IgG-saporin-injected rats with respect to R1 and R2 latencies did not show any significant difference (F (7,56) = 0.87, P = 0.53 for R1; F (7,56) = 1.09, P = 0.38 for R2). As amplitude analysis gives an idea of a possible sensitization of the evoked blink reflex, R1 and R2 amplitudes were measured at different (A) A trace-conditioning paradigm was used to evaluate putative learning deficits in animals with a specific lesion of cholinergic neurons located in the MSDB complex. Learning curves of saline-injected rats (white circles, n = 10), 192-IgG-saporin-injected rats (black circles, n = 10), and pseudoconditioned animals (gray circles, n = 4). Because results obtained with 192IgG-saporin-injected rats during both pseudoconditioning and conditioning programs were similar, the pseudoconditioning curve has been omitted for the sake of clarity. (B) Selective cholinergic MSDB lesions did not affect the retrieval of previously acquired eyelid CRs. Retention index: percentage of CRs during the test session/percentage of CRs during the last conditioning session. White bar, saline-injected rats; black bar, 192-IgG-saporin-injected rats (n = 8 per group). Pseudocond, pseudoconditioning saline-injected rats; *, significant differences between saline-or 192IgG-saporin-injected conditioned groups with respect to pseudoconditioned saline-injected groups; +, significant difference between salineand 192IgG-saporin-injected groups. *, +, P Յ 0.05; **, ++, P Յ 0.01; ***, +++, P Յ 0.001. stages of training (habituation and first, fourth, and seventh conditioning sessions) in saline-and 192-IgG-saporin-injected rats (Fig. 3C ). The amplitudes did not change in the saline-or 192-IgG-saporin-injected rats during the successive conditioning sessions (F (3,20) = 0.57, P = 0.63 for R1 and F (3,20) = 1.27, P = 0.31 for R2 in saline-injected rats; F (3, 20) = 0.01, P = 0.99 for R1 and F (3,20) = 0.59, P = 0.62 for R2 in 192-IgG-saporin-injected rats). These results contrast with previous reports in cats (Gruart et al. 1995) and rabbits -namely, rats (as mice; see Inda et al. 2005 ) did not present any evidence of reflex response sensitization (i.e., alpha responses) in a similar (shock-SHOCK) trace conditioning paradigm. Moreover, direct comparison of R1 and R2 amplitudes between the 192-IgG-saporin-and salineinjected groups did not show any significant difference (F (7,40) = 0.59, P = 0.75 for R1; F (7,40) = 0.18, P = 0.98 for R2). These results, taken together, indicate that 192-IgG-saporin administration did not impair the normal kinematics of the eyelid motor system. Furthermore, we wanted to know whether the MSDBcomplex lesion affected the acquisition of an operant conditioning task. At the end of the first phase of training (lever-pressing/ food-pellet association), no significant differences were found between saline-and 192-IgG-saporin-injected groups (F (1,18) = 2.35, P = 0.143; Fig. 4A ). When the subjects were shifted to a 30-sec fixed-interval schedule (Fig. 4B) , the two experimental groups showed similar evolution in the total number of pellets obtained (for saline-injected rats: F (9,90) = 4.89, P < 0.001; for 192-IgGsaporin-injected rats: F (9,90) = 5.98, P < 0.001) and in the number of conditioned responses along the training period (for salineinjected rats: F (9,90) = 7.53, P < 0.001; for 192-IgG-saporininjected rats: F (9,90) = 12.85, P < 0.001). On the tenth day of training, no significant difference was observed between the two experimental groups in the number of total and conditioned pellets obtained (total pellets per session: F (1,18) = 0.16, P = 0.69; conditioned pellets per session: F (1,18) = 1.35, P = 0.26).
Finally, it was determined whether the administration of two cholinergic agonists, either carbachol (0.1 mg/kg, s.c.) or lobeline (1 mg/kg, s.c.), during the acquisition of eyelid CRs could revert the learning deficit observed in animals with the lesion of the cholinergic neurons located in the MSDB complex. Carbachol, a nonspecific muscarinic receptor agonist, was able to revert the cognitive deficits in the acquisition of eyelid CRs ob- 
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www.learnmem.org served in lesioned animals (F (7,42) = 5.80, P < 0.001; Fig. 5B ), making this group indistinguishable from the saline-injected group. However, carbachol did not significantly modify the performance of saline-injected animals (Fig. 5A) . Lobeline, a nicotinic receptor agonist, slightly improved the learning rate of lesioned animals (F (7,42) = 2.21, P = 0.07; Fig. 5B ). On the other hand, lobeline did not significantly modify the performance of salineinjected animals (Fig. 5A) . Neither carbachol nor lobeline had any secondary effect on locomotor activity (Fig. 3A) or on the latency of the R1 and R2 components of reflexively evoked blinks (Fig. 3B) in saline-and 192-IgG-saporin-injected animals. Both carbachol and lobeline significantly increased R1 amplitude only in 192-IgG-saporin-injected animals (t (10) = 4.91, P < 0.001 for the first conditioning session; t (10) = 7.76, P < 0.001 for the fourth conditioning session; t (10) = 5.14, P < 0.001 for the seventh conditioning session in carbachol-injected rats; t (10) = 6.81, P < 0.001 for the first conditioning session; t (10) = 3.34, P < 0.001 for the fourth conditioning session; t (10) = 4.11, P < 0.001 for the seventh conditioning session in lobeline-injected rats; Fig. 3C ). Additionally, lobeline significantly increased R2 amplitude only in 192-IgG-saporin-injected animals (t (10) = 9.34, P < 0.001 for the first conditioning session; t (10) = 6.9, P < 0.001 for the fourth conditioning session; t (10) = 4.5, P < 0.001 for the seventh conditioning session; Fig. 3C ).
Discussion
The trace classical conditioning of eyelid responses is a useful associative task for examining the effects of selective cholinergic MSDB lesions, because this type of motor learning has been shown to be hippocampus-dependent in mice (Takehara et al. 2002 (Takehara et al. , 2003 Tseng et al. 2004) , rabbits (Solomon et al. 1986; Moyer Jr. et al. 1990; Kim et al. 1995) , cats (Múnera et al. 2001) , and humans (McGlinchey-Berroth et al. 1997) . Additionally, the acquisition of eyelid CRs is significantly impaired in aged animals (Disterhoft et al. 1995; Thompson et al. 1996; Knuttinen et al. 2001 ) and in AD patients (Solomon et al. 1991; Woodruff-Pak and Papka 1996) . To evaluate the role of the cholinergic septal system in trace eyeblink classical conditioning, we performed bilateral 192-IgG-saporin microinjections in the MSDB complex. This immunotoxin induces targeted death of MSDB cholinergic neurons and the shrinkage of cholinergic terminals in the hippocampus and in some neocortical regions in about 3 wks (Pizzo et al. 1999) .
The present results demonstrate that the selective lesion of cholinergic MSDB neurons disrupts the acquisition of trace eyelid CRs, but not of fixed-interval operant conditioning. Furthermore, we demonstrated that this acquisition deficit is not due to a nonspecific motor impairment, as this lesion did not modify the animals' locomotor behavior or the normal kinematics of reflex blink responses. In addition, we found that the selective lesion of cholinergic MSDB neurons does not affect the performance of previously acquired eyelid CRs. This fact could be due to the neurodegenerative process induced by 192-IgG-saporin, which is not as immediate (i.e., it took between 15 and 20 d) as hippocampal ablations or electroshock administration. Probably, during this time the hippocampus transfers the acquired new information to other neocortical structures, as suggested by others (Kim et al. 1995; Takehara et al. 2003) . On the other hand, an effect of the lesion on eyelid alpha responses should not be misestimated. These data suggest that the integrity of the cholinergic septo-hippocampal system is not necessary for the acquisition of a fixed-interval operant conditioning or for the performance of a consistently acquired CR, using a classical conditioning paradigm. Conversely, the activity of this cholinergic septohippocampal system seems to play a crucial role in the acquisition of trace eyelid CRs. The specific deficit induced by the selective lesion of cholinergic MSDB neurons in the acquisition of trace eyelid CRs was completely reverted by systemic administration of carbachol, a nonspecific muscarinic receptor agonist. The effects of carbachol on different limbic system structures are very well known and may be explained by the induction of calcium-activated nonspecific cationic currents (Klink and Alonso 1997; Yajeya et al. 1999) . In contrast, this deficit was not reverted by the systemic administration of lobeline, a nicotinic receptor agonist (RoshanMilani et al. 2003) . Thus, it can be inferred that a lack of muscarinic receptor activation is responsible for the learning deficit observed here following the almost complete lesion of the population of MSDB neurons in rats. However, both agonists produced an increase in the amplitude of the blink reflex response in saporin-injected rats, a finding probably due to the activation of the neural components of the eyelid motor, and pre-motor, system (Múnera et al. 2000) .
The development of 192-IgG-saporin, a selective cholinergic neurotoxin, enabled the demonstration that the exclusive destruction of cholinergic cells of the basal forebrain does not impair many learning paradigms (Berger-Sweeney et al. 1994; Torres et al. 1994; Baxter et al. 1996; Baxter and Chiba 1999) . It was recently reported that selective cholinergic basal forebrain lesions impair the acquisition of a motor skill learning paradigm (Conner et al. 2003) . Here, we show that this kind of lesion is an appropriate model for the study of AD, because it causes cholinergic hypofunction in the paleocortex and a severe, specific impairment in the acquisition of trace eyelid CRs using classical conditioning paradigms. Moreover, this cognitive deficit can be useful in the search for cognition-enhancing agents. At the same time, 192-IgG-saporin-injected animals can be used as a model of attentive deficits, another frequent symptom in AD patients (Lawrence and Sahakian 1995) .
The trace classical conditioning paradigm used here, presenting conditioned and unconditioned stimuli of the same sensory modality, has been used (with minor modifications) in cats (Gruart et al. 1995; Múnera et al. 2001) , rabbits , and mice (Domínguez-del-Toro et al. 2004; Inda et al. 2005) . The main advantage of this procedure is that it allows free displacements of the experimental animal in the recording chamber, without expected modifications in the intensity and/or properties of the stimuli used as CS and US, as can happen when using a tone or a light as a CS.
The classical conditioning of eyelid responses using a trace paradigm induces characteristic changes in the firing properties of hippocampal pyramidal cells associated with a theta-to-beta shift in pyramidal layer field activity during the CS-US interval (Múnera et al. 2001) . Changes induced in hippocampal activity by eyeblink conditioning could be determined by septal cholinergic inputs. In fact, acetylcholine release is enhanced during paired CS-US presentations using classical conditioning procedures (Meyer et al. 1996) . Muscarinic blockade (Solomon et al. 1983; Kaneko and Thompson 1997; Múnera et al. 2000) and medial septal lesions (Berry and Thompson 1979) impair the acquisition of eyelid CRs. Conversely, cholinergic agonists improve the acquisition of CRs in old animals (Weiss et al. 2000; Woodruff-Pak and Santos 2000) . Our results confirm a specific role of MSDB cholinergic neurons in the acquisition of eyelid CRs using a trace paradigm, for the following reasons: (1) the depletion of cholinergic MSDB neurons causes a severe impairment in the acquisition of eyelid CRs but not of fixed-interval operant conditioning; (2) this deficit is reverted by carbachol administration; and (3) when the MSDB lesion was performed in fully conditioned rats, retrieval of conditioned lid responses was not affected, when evaluated 3 wks after the lesion. This last finding reinforces the idea that the septo-hippocampal system has a relevant role in the acquisition of CRs using a trace paradigm, whereas information retrieval is dependent on other structures, such as the medial prefrontal cortex (Takehara et al. 2002 (Takehara et al. , 2003 Dudai 2004) . It has been reported that both muscarinic and nicotinic cholinergic receptors are associated with neuronal plasticity and with learning and memory processes (Van der Zee et al. 1997 ). The present data suggest that muscarinic agonists can be a good therapeutic approach to alleviating cognitive deficits associated with AD (Weiss et al. 2000) . Although cholinesterase inhibitors and M1 agonists produced similar results during eyeblink conditioning in aging rabbits (Weiss et al. 2000; Simon et al. 2004; Weible et al. 2004) , the latter would be more favorable because of its specificity. The use of muscarinic agonists is also indirectly profitable, because the activation of cell surface receptors that are positively coupled to phospholipase C, including M1 and M3, results in the increased release of soluble amyloid precursor protein (Nitsch et al. 1992; Hung et al. 1993; Robinson and Harrell 1997) and a reduction in ␤-amyloid peptide observed in vitro (Buxbaum et al. 1992; Nitsch et al. 1992; Hung et al. 1993 ). These findings suggest that, in addition to alleviating cognitive symptoms of the cholinergic depletion, muscarinic receptor activation may interfere with ␤-amyloid formation.
Materials and Methods Subjects
Seventy-six male Wistar rats supplied by an official supplier (Animal Services, University of Granada, Spain) were used as subjects. At the time of surgery, they weighed 250-300 g. Animals were housed in standard polycarbonate cages in a colony room under a 12-h light/12-h dark cycle. Water and food were available ad libitum. All experiments were carried out in accordance with the guidelines of the European Union Council (86/609/EU) and following Spanish regulations (BOE 67/8509-12, 1988) for the use of laboratory animals in chronic experiments.
Surgical procedures
All surgical procedures were carried out under ketamine/xylazine anesthesia (80:8 mg/kg) and using aseptic surgical techniques. A 0.5-µL volume of either 192-IgG-saporin (Chemicon International), diluted to a concentration of 0.2 mg/mL in artificial cerebrospinal fluid, or vehicle (artificial cerebrospinal fluid alone) was injected close to each side of the MSDB complex (stereotaxic coordinates: AP: + 0.7 mm; L: ‫ע‬ 0.4 mm; D: ‫מ‬ 6.6 mm from bregma). Microinjections were made using a 0.5-µL Hamilton syringe at a rate of 0.1 µL/min. After each injection, the needle remained in place for 5 min to permit diffusion of the injected fluid into the parenchyma. All rats were allowed 21 d to recover from the surgery before the behavioral testing was started.
For experiments in which the rats had to receive a lesion just after the last conditioning session, two intracerebral guidecannulae were implanted near both MSDB complexes. The cannulae were attached firmly to the skull with dental acrylic resin and anchored to it using two small stainless steel screws. In these subjects, the selected microinjection was carried out just after the end of the eyelid classical conditioning, inserting the 0.5-µL Hamilton syringe needle through each cannula and following the above described procedure.
In the same surgical session, four Teflon-coated stainless steel wires (No. 7910; A-M Systems) were implanted in the subcutaneous tissue of the right upper eyelid. The wires were soldered to a four-pin connector that was secured to the skull with dental acrylic resin and stainless steel screws.
Drug administration
Carbachol and lobeline were dissolved in sterile saline. Rats received subcutaneous injections of 0.1 mg/kg of carbachol (SigmaAldrich), 0.5 mg/kg of lobeline (Sigma), or an equivalent volume of sterile saline. Doses were selected following preliminary studies of locomotor activity in the open field (data not shown). The chosen doses were the larger ones that did not evoke any alteration in locomotor activity in saline-injected animals. Injections were carried 30 min before the beginning of each session.
Locomotor activity measurement
Locomotion was measured in a 26 ‫ן‬ 39 cm activity box (Cibertec) as the number of broken light beams during 10-min periods. Measurements of locomotor activity were carried out 1 h after drug administration on days 1, 4, and 7. The effects of 192-IgG-saporin on locomotor activity were evaluated with a t-test. A two-way ANOVA was applied to determine any possible difference in the effects of drug administration on locomotor behavior between successive days. In addition, t-tests with Tukey correction were used for post hoc comparisons.
Eyeblink classical conditioning
For the classical conditioning of eyelid responses, each rat was placed in a Plexiglas chamber (20 ‫ן‬ 20 ‫ן‬ 20 cm) located in a sound-and light-attenuated chamber. A low-weight, fourchannel wire was connected to the socket implanted on the animal's head. The CS and US consisted respectively of 50-and 500-µsec cathodic electrical pulses, delivered through the pair of electrodes implanted in the right upper periorbital region, close to the supraorbitary branch of the trigeminal nerve. CS and US intensities (in mA) were experimentally determined for each subject before the beginning of the training and were not changed along the conditioning program. CS intensity was defined as the minimum intensity able to elicit a small eyelid movement associated with the presence of a reflex response in the EMG activity of the orbicularis oculi muscle (OOM). US intensity was that able to consistently elicit a complete and immediate eyelid closure. A 250-msec stimulus-free interval was interposed between the end of the CS and the onset of the US. Eyelid responses were monitored using the EMG activity of the OOM, recorded through the second pair of eyelid electrodes. Further details of this experimental preparation are presented elsewhere (Domínguez-delToro et al. 2004; Inda et al. 2005) .
Training was started 3 wks after surgery. The complete classical conditioning training consisted of 10 daily 60-trial sessions: three habituation (CS-alone trials) and seven conditioning (paired CS-US trials) sessions. The intertrial interval was randomized between 25 and 35 sec. The pseudoconditioning training consisted of seven daily sessions, during which 60 CS and 60 US were presented at random. In all behavioral experiments, a total of 6-8 animals per group were used.
The EMG activity of the OOM was filtered using a band-width of 1 Hz to 10 kHz, digitized online at a sampling rate of 10 kHz, and stored on a computer for off-line analysis. EMG analysis was performed by someone blind to the condition of animal and treatment. A trial was assumed to contain a CR if a definite EMG activity (i.e., one lasting >10 msec) appeared 50-250 msec after the CS presentation; thus, we avoided including putative alpha responses in the quantification of true CRs. Those recordings presenting EMG activity in the 250 msec preceding CS presentation (change in baseline) or with an evident startle response (response beginning 4 msec after CS and expanded until 100 msec) or artifactual recordings were rejected from the quantitative analysis. The percentage of trials containing a CR in a given session was calculated on the basis of the number of valid trials. The latency and amplitude of the two components of reflex blink responses (denominated R1 and R2 by Kugelberg 1952) , evoked by stimuli equal to that used as CS, were measured and compared before and during different phases of the training. Differences in the amplitude and latency of the R1 and R2 components of the EMG response during reflex blinks were evaluated with two-way ANOVA, with drug administration (saline, as between-subject factor, and conditioning session (habituation, and first, fourth, and seventh conditioning sessions) as within-subject factor; t-tests with Tukey correction were applied for post hoc comparisons.
Performance during acquisition and retrieval is expressed as the mean percentage of eyelid conditioned responses per session. Changes in behavior as a function of drug administration were evaluated by applying a one-way ANOVA, with conditioning session (eight sessions) as within-subject factor, and drug administration (saline, as between-subject factor; t-tests with Tukey correction were applied for the post hoc comparisons.
Operant conditioning
Training was carried out using a Skinner's box (Cibertec). Starting 2 wks before training, all rats were handled daily. The weight of the subjects 10 d before training was used as baseline for a food restriction regime. Subjects were weighed daily in order to allow enough food to maintain their body weight at 80% of the baseline.
All rats received an initial 10-d training to associate leverpressing with a food pellet reinforcer. Once they had acquired such association, rats were submitted to a 30-sec fixed-interval reinforcement schedule (a single reinforcer was delivered if the rat pressed the bar at least once during a 30-sec interval). In this schedule, a reinforced lever pressure was considered conditioned if and only if it occurred during the second half of the interval (between seconds 16-30).
Tissue preparation and immunohistochemistry
In order to analyze cholineacetyltransferase and parvalbumin immunoreactivity, rats from each experimental group were sacrificed by decapitation at the end of the experiments. Their brains were removed and placed on an ice-cold plate. The tissue was fixed by immersion in 4% paraformaldehyde in phosphatebuffered saline (PBS) for 24 h at 4°C, and cryoprotected in 30% sucrose PBS for 2 d at 4°C. Brains were then embedded in 30% sucrose and kept at 4°C until cryotome sectioning. Coronal sections (50 µm) were obtained from each brain and processed for free-floating immunohistochemistry (De los Santos-Arteaga et al. 2003) . The specific cholineacetyltransferase (Chemicon) and parvalbumin (Sigma) antisera were used at 1:500 and 1:2000 dilutions, respectively.
